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USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a nonaqueous secondary battery having a high capacity, 
an excellent durability in cycling use, and a preservability under a high temperature by using a 
composite oxide containing lithium having a stabilized layered crystal structure, a high 
packability. an excellent durability in cycling use under a high temperature, and a stability in 
preserving under a high temperature. 

SOLUTION: The composite oxide containing lithium, which is represented by the general 
formula: Li1+x+aNi(1-x-y+d)/2Mn(1-x-y-d)/2My02 [wherein, 0<x<0.05; -0.05<x+a<0.05; 0<y< 
0.4: -0.1<d<0.1 (wherein, 0<y<0.2) or -0.24<d<0.24 (wherein, 0.2<y<0.4); M is one or more 
elements selected from Mg, Ti, Cr, Fe, Co, Cu, Zn, Al. Ge, and Sn] and whose primary particles 
are agglomerated to form secondary particles, where the average particle diameter of the 
primary particles is 0.3-3 fim and that of the secondary particles is 5-20 ^m, is used as a 
cathode active material. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] General formula Li1+x+alphanickel(1-x-y+delta)/2Mn(1-x-y-delta)/2My02[It corrects. 
It is 0<=x<=0.05, -0.05 <= x+alpha <=0.05, and 0<=y<=0.4. - It is 0.1<=delta<=0.1 (at however, the 
time of 0<=y<=0.2), or -0.24<=delta<=0.24 (at however, the time of 0.2< y<=0.4). M — Mg — Ti - 
- Cr — Fe — Co — Cu — Zn — aluminum — germanium — Sn — from — becoming — a 
group — from — choosing — having had — one — a sort — more than — an element — ] — 
expressing — having — The lithium content multiple oxide characterized by being the multiple 
oxide which the primary particle condensed and formed the aggregated particle, for the mean 
particle diameter of the primary particle being 0.3-3 micrometers, and the mean particle diameter 
of an aggregated particle being 5-20 micrometers. 

[Claim 2] The lithium content multiple oxide according to claim 1 characterized by being y> 0 and 
being one or more sorts of elements with which M contains Co at least in said general formula. 
[Claim 3] The lithium content multiple oxide according to claim 1 or 2 characterized by a BET 
specific surface area being 0.3-2m2/g. 

[Claim 4] They are the positive electrode and negative electrode which use a lithium content 
multiple oxide as an active material, and the nonaqueous rechargeable battery equipped with 
nonaqueous electrolyte, the above-mentioned multiple oxide — general formula 
Li1+x+alphanickel(1-x-y+delta) /2Mn(1-x-y-deita) /2My02[— however It is 0<=x<=0.05, -0.05 
<= x+alpha <=0.05, and 0<=y<=0.4. - It is 0.1 <=delta<=0.1 (at however, the time of 0<=y<=0.2), or 
-0.24<=delta<=0.24 (at however, the time of 0.2< y<=0.4). M — Mg — Ti — Cr — Fe — Co — 
Cu — Zn — aluminum — germanium — Sn — from — becoming — a group — from — 
choosing — having had — one — a sort — more than — an element — ] — expressing — 
having — The nonaqueous rechargeable battery characterized by being the multiple oxide which 
the primary particle condensed and formed the aggregated particle, for the mean particle 
diameter of the primary particle being 0.3-3 micrometers, and the mean particle diameter of an 
aggregated particle being 5-20 micrometers. 

[Claim 5] The nonaqueous rechargeable battery according to claim 4 characterized by being y> 0 
and being one or more sorts of elements with which M contains Co at least in said general 
formula. 

[Claim 6] The nonaqueous rechargeable battery according to claim 4 or 5 characterized by the 
BET specific surface area of a lithium content multiple oxide being 0.3-2m2/g. 
[Claim 7] They are the positive electrode and negative electrode which use a lithium content 
multiple oxide as an active material, and the nonaqueous rechargeable battery equipped with 
nonaqueous electrolyte. As the above-mentioned multiple oxide at least — general formula 
Li1+x+alphanickel(1-x-y+delta) /2Mn(1-x-y-delta) /2My02[— however It is 0<=x<=0.05, -0.05 
<= x+alpha <=0.05, and 0<=y<=0.4. - It is 0.1<=delta<=0.1 (at however, the time of 0<=y<=0.2). or 
-0.24<=delta<=0.24 (at however, the time of 0.2< y<=0.4). M — Mg — Ti — Cr — Fe — Co — 
Cu — Zn — aluminum — germanium — Sn — from — becoming — a group — from — 
choosing — having had — one — a sort — more than — an element — ] — expressing — 
having — The lithium content multiple oxide A whose mean particle diameter of the aggregated 
particle it is the multiple oxide which the primary particle condensed and formed the aggregated 
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particle, and is 5-20 micrometers The nonaqueous rechargeable battery characterized by mixing 
and using the lithium content multiple oxide B which has mean particle diameter smaller than the 
mean particle diameter of the aggregated particle of said multiple oxide A. 

[Claim 8] The nonaqueous rechargeable battery according to claim 7 characterized by being [ of 
the lithium content multiple oxide B ] 10 - 40% of the weight of the whole positive active material 
comparatively. 

[Claim 9] The nonaqueous rechargeable battery according to claim 7 or 8 with which mean 
particle diameter of the lithium content multiple oxide B is characterized by being 3/5 or less 
[ of the mean particle diameter of the aggregated particle of the lithium content multiple oxide 
A]. 

[Claim 1 0] The nonaqueous rechargeable battery according to claim 7 to 9 characterized by 
being the multiple oxide with which the primary particle condensed and the lithium content 
multiple oxide B formed the aggregated particle. 

[Claim 1 1] [ whether the lithium content multiple oxide B is the same presentation as the lithium 
content multiple oxide A, and ] Or it is general formula Li1+a+bR1-a02[however 0<=a<=0.05, and 
-0.05 <=a+b<=0.05. R — Mg — Ti — Cr — Fe — Co — Cu — Zn — aluminum — germanium — 
Sn — from — becoming — a group — from — choosing — having had — one — a sort — more 
than — an element — ] — expressing — having — things — the description — ** — carrying 
out — being according to claim 7 to 10 — nonaqueous — a rechargeable battery . 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nonaqueous rechargeable battery which has 
improved the cycle property and preservation property in an elevated temperature a lithium 
content multiple oxide available to the positive active material of a nonaqueous rechargeable 
battery etc., and by using it for a positive electrode. 
[0002] 

[Description of the Prior Art] In recent years, with development of portable electronic 
equipment, such as a cellular phone and a notebook sized personal computer, utilization of an 
electric vehicle, etc., it is a small light weight and the rechargeable battery of high capacity has 
come to be needed. As a high capacity rechargeable battery which meets current and this 
demand, the nonaqueous rechargeable battery using the carbon system ingredient as a negative- 
electrode active material is commercialized, using LiCo02 as a positive-electrode ingredient. The 
above-mentioned nonaqueous rechargeable battery has a high energy density, and since it can 
attain small and lightweight-ization, it attracts attention as a power source of portable electronic 
equipment. LiCo02 currently used as a positive-electrode ingredient of this nonaqueous 
rechargeable battery is used abundantly as a suitable active material from manufacture being 
easy and handling being easy. However, LiCo02 is expected that materials shortages will 
aggravate Co which is a rare metal from now on since it is manufactured as a raw material. 
Furthermore, Co is expensive, since price fluctuation is also large, it is cheap and development of 
the positive-electrode ingredient whose supply is stable is desired. 

[0003] In view of the reason for the above, the price of a configuration element is cheap and 
promising ** of the multiple oxide ingredient of the lithium manganic acid ghost system which 
used as the configuration element Mn whose supply is stable is carried out. Also in it, research 
on LiMn 204 of the spinel type structure in which charge and discharge are possible, and layer- 
like LiMn02 is briskly done in the electrical-potential-difference field of the 4V neighborhood to 
Li, and the lithium content multiple oxide which permuted a part of Mn of the above LiMn02 with 
nickel, Co, aluminum, etc. especially is expected as an ingredient which replaces LiCo02 (one to 
patent reference 3 reference). 
[0004] 

[Patent reference 1] JP.8-37007.A (paragraph number 0027-0029) 
[Patent reference 2] JP.1 1-25957.A (paragraph number 0003-0008) 
[Patent reference 3] JP.2000-223122.A (paragraph number 0002-0009) 
[0005] 

[Problem(s) to be Solved by the Invention] However, as a result of this invention persons' 
performing examination detailed about the multiple oxide which permuted a part of Mn of the 
above LiMn02 by nickel, Co, etc., it traced the presentation of a compound, and that physical 
properties, such as the structure, property, etc., changed notably according to the synthetic 
process until a quantitative ratio with a metallic element, the class of permutation element, a 
quantitative ratio, and a multiple oxide are especially formed in addition to this with Li etc. 
[0006] Especially when the permutation by nickel is performed, by the quantitative ratio of Mn 
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and nickel, and the quantitative ratio of these elements and the other permutation element The 
compound which was homogeneous and was excellent in the property if the physical properties 
of the multiple oxide compounded changed a lot, set the quantitative ratio of Mn and nickel to 
about 1:1 and did not make the fixed range the quantitative ratio of Mn and nickel, and the other 
permutation element is not obtained, It became clear Mn, to, change the true density of a 
multiple oxide sharply by the quantitative ratio of a permutation element and Li in addition to 
this, etc. 

[0007] Furthermore, as for the shape of particle of the above-mentioned lithium content multiple 
oxide, the property of a cell also showed being influenced greatly. 

[0008] This invention offers the nonaqueous rechargeable battery in which is the multiple oxide 
which has the layer structure of the presentation range which was made as a result of repeating 
research wholeheartedly that the above-mentioned technical problem should be solved, and was 
restricted, and was excellent in the endurance over a charge-and-discharge cycle with high 
capacity by using the lithium content multiple oxide which has the specific shape of particle as 
an active material of a positive electrode, and the keeping under an elevated temperature was 
excellent. 
[0009] 

[Means for Solving the Problem] the lithium content multiple oxide of this invention — general 
formula Li1+ x +alphanickel(1-x-y+delta) /2Mn(1-x-y-delta) /2My02[ — however It is 0<=x<=0.05, 
-0.05 <= x+alpha <=0.05, and 0<=y<=0.4. - It is 0.1<=delta<=0.1 (at however, the time of 
0<=y<=0.2), or -0.24<=delta<=0.24 (at however, the time of 0.2< y<=0.4). M — Mg — Ti — Cr — 
Fe — Co — Cu — Zn — aluminum — germanium — Sn — from — becoming — a group — 
from — choosing — having had — one — a sort — more than — an element — ] — expressing 
— having — It is the multiple oxide which the primary particle condensed and formed the 
aggregated particle, and is characterized by for the mean particle diameter of the primary 
particle being 0.3-3 micrometers, and the mean particle diameter of an aggregated particle being 
5-20 micrometers. 

[0010] Moreover, the nonaqueous rechargeable battery of this invention is characterized by 
having the positive electrode and negative electrode which use the above-mentioned lithium 
content multiple oxide as an active material, and nonaqueous electrolyte. 

[0011] Furthermore, the nonaqueous rechargeable battery of this invention makes it a desirable 
mode to mix and use the lithium content multiple oxide A and the lithium content multiple oxide 
B with the mean particle diameter smaller than the mean particle diameter of the aggregated 
particle of said multiple oxide A at least as positive active material, when the above-mentioned 
lithium content multiple oxide is set to A. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of invention explains this 
invention more concretely, the lithium content multiple oxide of this invention — general formula 
Li1+x+alphanickel(1-x-y+delta) /2Mn(1-x-y-delta) /2My02[— however It is 0<=x<=0.05, -0.05 
<= x+alpha <=0.05, and 0<=y<=0.4. - It is 0.1<=delta<=0.1 (at however, the time of 0<=y<=0.2), or 
-0.24<=delta<=0.24 (at however, the time of 0.2< y<=0.4). M — Mg — Ti — Cr — Fe — Co — 
Cu — Zn — aluminum — germanium — Sn — from — becoming — a group — from — 
choosing — having had — one — a sort — more than — an element — ] — expressing — 
having — It is the multiple oxide which the primary particle condensed and formed the 
aggregated particle, and is characterized by for the mean particle diameter of the primary 
particle being 0.3-3 micrometers, and the mean particle diameter of an aggregated particle being 
5~20 micrometers. 

[0013] That is, the lithium content multiple oxide of this invention is a multiple oxide of the 
presentation range restricted very much centering on the presentation to which nickel and Mn 
are contained as a configuration element at least, and the quantitative ratio of nickel and Mn is 
set to 1:1. 

[0014] In this invention, it is based on the following reasons that only the above limited 
presentation range is chosen. Namely, it sets to the lithium content multiple oxide of the shape 
of a layer which has nickel and Mn. It is based on the presentation expressed with general 
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formula LiNil / 2Mn1 from which the quantitative ratio of nickel and Mn is set to 1:1 / 202. 
nickel and Mn are permuted by Li every [ 2 / x/], respectively, and, only in delta/2 and -delta/2, 
the quantitative ratio of nickel and Mn shifts from one half, respectively, the quantitative ratio of 
Li — alpha — width of face — having — and nickel and Mn — respectively — every [ 2 / y/] - 
- Element M (however, M — Mg — ) The presentation permuted by one or more sorts of 
elements chosen from Ti, Cr, Fe, Co, Cu, Zn, aluminum, germanium, and Sn, that is, general — 
Li1+x+alphanickel(1-x-y+delta) /2Mn(1-x-y-delta) /2My02[— however It is 0<=x<=0.05, -0.05 
<= x+alpha <=0.05, and 0<=y<=0.4. - It is 0.1<=delta<=0.1 (at however, the time of 0<=y<=0.2), or 
-0.24<=delta<=0.24 (at however, the time of 0.2< y<=0.4). M — Mg — Ti — Cr — Fe — Co — 
Cu — Zn — aluminum — germanium — Sn — from — becoming — a group — from — 
choosing — having had — one — a sort — more than — an element — ] — expressing — 
having — a presentation — the range — setting — The crystal structure is stabilized and it is 
because the multiple oxide excellent in the reversibility of the charge and discharge in the 
potential field of the 4V neighborhood or the endurance over a charge-and-discharge cycle is 
obtained. 

[0015] This is considered to be because for migration of Mn under crystal to be controlled in the 
case of the dope of Li in that the average valence of Mn in a multiple oxide takes the value near 
the tetravalence (about 3.3 - tetravalence), and charge and discharge, and a dedope. 
[0016] Moreover, it turned out that the conductivity of a compound improves and the load 
characteristic at the time of high current discharge improves by y> 0 when it contains Co at 
least as an element M. 

[0017] According to a still more detailed presentation examination, it also turned out that the 
stability of a compound improves [ near the presentation to which the quantitative ratio of 
nickel, Mn, and M is set to 1:1:1, i.e., the presentation expressed with general formula 
LiNi1/3Mn1/3M1 / 302, ]. 

[0018] True density serves as 4.55 - 4.95 g/cm3 and a big value, and the multiple oxide of this 
invention serves as an ingredient which has high volume energy density. Although the true 
density of the multiple oxide which contains Mn in the fixed range changes with the 
presentations a lot, structure is stabilized in the above-mentioned narrow presentation range, 
and since a single phase becomes is easy to be formed, it is considered to become a value near 
the true density of LiCo02. Especially, the value becomes large at the time of the presentation 
near stoichiometry, and a three or more about 4.7 g/cm high density multiple oxide is obtained in 
-0.015 <= x+alpha <=0.015. 

[0019] above-mentioned general formula Li1+x+alphanickel(1-x-y+delta) /2Mn(1-x-y- 
delta) /2My02[— however It is 0<=x<=0.05, -0.05 <= x+alpha <=0.05. and 0<=y<=0.4. - It is 
0.1<=delta<=0.1 (at however, the time of 0<=y<=0.2). or -0.24<=delta<=0.24 (at however, the time 
of 0.2< y<=0.4). one or more sorts of elements chosen from the group which M becomes from 
Mg, Ti, Cr, Fe, Co, Cu, Zn, aluminum, germanium, and Sn — ] — setting — It needs that the 
quantitative ratio of nickel and Mn is 1:1 fundamentally, and only a value with the as small gap 
(delta/2) from a median as -0.1<=delta<=0.1 is permitted. However, in [ presentation ] 0.2< 
y<=0.4, since the stability of the crystal structure becomes higher and a single phase becomes is 
easy to be formed, even if the above-mentioned gap becomes large, the target multiple oxide 
can be obtained. For this reason, in the above-mentioned general formula, fundamentally, with - 
0.1<=delta<=0.1 , although the range which delta can take is narrow, it may extend the value of 
delta to the range of -0.24<=delta<=0.24 in [ presentation ] 0.2< y<=0.4. 
[0020] Here, the upper limit of y was set to 0.4 because it would become easy to produce 
problems — : an unusual appearance is formed into the multiple oxide made into the purpose, and 
the stability of a compound is spoiled — if the presentation of permutations of y> 0.4, i.e., the 
amount in Element M, increased more than 0.4. 

[0021] Moreover, it is what the primary particle condensed and formed the aggregated particle as 
a gestalt of the multiple oxide which has the above-mentioned presentation, and the multiple 
oxide whose mean particle diameter of an aggregated particle the mean particle diameter of the 
primary particle is 0.3-3 micrometers, and is 5-20 micrometers is chosen. In what the primary 
particle condensed and formed the aggregated particle, this is because the reactivity and the 
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restoration nature of a multiple oxide in charge and discharge can be raised, by setting mean 
particle diameter of a primary particle to 0.3-3 micrometers, by being able to raise the reactivity 
in charge and discharge, being able to raise the load characteristic of a cell, and setting mean 
particle diameter of an aggregated particle to 5-20 micrometers, can raise the restoration nature 
of a multiple oxide and can high-capacity-ize an electrode. 

[0022] Furthermore, as for the BET specific surface area of the above-mentioned multiple oxide, 
it is desirable that it is in the range of 0.3-2m2/g. the electrode when that whose BET specific 
surface area of this is more than 0.3m2/g having been excellent in reactivity, and forming an 
electrode, since what is below 2m2/g has the large consistency of the particle itself — a mixture 
— it is because a consistency can be enlarged. 

[0023] The lithium content multiple oxide of the shape of particle mentioned above can supply 
the inside of an alkali water solution to the water solution which dissolved the salt of nickel and 
Mn or nickel and Mn, and Element M, can compound nickel and Mn or nickel and Mn, and the 
coprecipitation hydroxide of Element M, can calcinate this with a lithium compound, and can 
obtain it by grinding and sifting out mechanically the multiple oxide compounded further if 
needed. As for baking, it is desirable to perform oxygen, such as inside of air or oxygen gas, in 
the ambient atmosphere included more than 10 volume %, burning temperature is about 700 
degrees C - 1 100 degrees C, and, as for firing time, considering as 1 - 24 hours is common. 
Moreover, if preheating is performed for about 0.5 to 30 hours at temperature (about 250-850 
degrees C) lower than burning temperature and it is made to perform the above-mentioned 
baking processing before the above-mentioned baking processing further, since homogenization 
of a multiple oxide is promoted, it is desirable. Here, the diameter of a primary particle of a 
multiple oxide can be controlled by adjusting the temperature of preheating or baking, and its 
processing time, and can control the diameter of an aggregated particle by extent of mechanical 
grinding, and sieving. 

[0024] By using the lithium content multiple oxide described above as positive active material, as 
it is the following, a nonaqueous rechargeable battery is produced. 
[0025] the positive electrode which added binders, such as polytetrafluoroethylene and 
polyvinylidene fluoride, was mixed with electric conduction assistants, such as a scale-like 
graphite and acetylene black, for example, and was obtained when the above-mentioned multiple 
oxide took the positive electrode — it applies to the base which serves as the operation as a 
charge collector, using a mixture as a Plastic solid, and what was united with the base is used. 
As a base, the network of metals, such as aluminum, stainless steel, titanium, and copper, a 
punching metal, an expanded metal, form metal, a metallic foil, etc. can be used here, for 
example. 

[0026] In addition, although the above-mentioned lithium content multiple oxide can be 
independently used as positive active material, by mixing and using the above-mentioned lithium 
content multiple oxide and a lithium content multiple oxide with mean particle diameter smaller 
than this, its restoration nature of an active material can improve further, and it can raise the 
capacity of an electrode, as for this, the small lithium content multiple oxide of mean particle 
diameter enters the opening between the particles of the lithium content multiple oxide of this 
invention — a positive electrode — it is because the consistency of a mixture becomes large. 
[0027] When a lithium content multiple oxide with the small mean particle diameter which sets to 
A, is mixed and uses the lithium content multiple oxide of this invention is set to B, it is desirable 
to make mean particle diameter of the lithium content multiple oxide B or less [ of the mean 
particle diameter of the aggregated particle of the lithium content multiple oxide A ] into 3/5. 
When the mean particle diameter of B is larger than said value (i.e., when the difference of the 
mean particle diameter of A and B is small), the effectiveness mentioned above becomes small 
and the difference with the case where A is used independently decreases. Moreover, if the 
lower limit of the mean particle diameter of B is considered to be about 0.1 micrometers and 
becomes small from this, the effectiveness the property as an active material falls and carries 
out [ effectiveness ] mixed use will stop being able to produce it easily. In addition, the mean 
particle diameter of Above B means the average of the particle diameter of an aggregated 
particle, when a primary particle condenses the average of the particle diameter when B is a 
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primary particle, and forming an aggregated particle. Moreover, since it is the same as that of A, 
it is desirable that it is the multiple oxide with which the primary particle also condensed B and it 
formed the aggregated particle. 

[0028] The lithium content multiple oxide B may be the same presentation as the lithium content 
multiple oxide A, and may be a different presentation. When a presentation differs from A, the 
multiple oxide expressed with general formula Li1+a+bR1-a02 [however, one or more sorts of 
elements chosen from the group which it is 0<=a<=0.05 and -0.05 <=a+b<=0.05, and R becomes 
from Mg, Ti, Cr, Fe, Co, Cu, Zn, aluminum, germanium, and Sn] can be used preferably. Especially, 
when R contains Co at least, the conductivity of the electrode using the lithium content multiple 
oxide A which is inferior to conductivity compared with LiCo02 can be raised. 
[0029] As for the rate of the lithium content multiple oxide B, it is desirable to consider as 1 0 - 
40 % of the weight in positive active material. When fewer than this, the difference with the case 
where the lithium content multiple oxide A is used independently decreases, and when [ than 
this ] more, it is for the effectiveness to decrease that there are few rates of the lithium content 
multiple oxide A. 

[0030] As an active material of the above-mentioned positive electrode and the negative 
electrode made to counter, alloys of the element in which alloying with a lithium is possible, or 
these elements, such as lithium alloys, such as a lithium or a Li-aluminum alloy, a Li-Pb alloy, a 
Li-In alloy, and a Li-Ga alloy, and Si, Sn, a Mg-Si alloy, are usually mentioned. Furthermore, 
carbonaceous ingredients, such as a graphite besides oxide system ingredients, such as Sn 
oxide, Si oxide, and Li4Ti 5012, and fibrous carbon, a lithium content compound nitride, etc. can 
be used. Moreover, what compound-ized two or more above-mentioned ingredients can also be 
used as an active material. In addition, it is produced by the same approach as the case of the 
above-mentioned positive electrode also about a negative electrode. 

[0031] As a quantitative ratio of the active material in the above-mentioned positive electrode 
and a negative electrode, although it changes also with classes of negative-electrode active 
material, generally the property of positive active material can be well used by making it positive 
active material / negative-electrode active material =1.5-3.5 (mass ratio). 

[0032] As nonaqueous electrolyte in the nonaqueous rechargeable battery of this invention, the 
polymer electrolyte, the liquefied electrolyte, i.e., the electrolytic solution, of an organic solvent 
system made to dissolve an electrolyte in an organic solvent, which made said electrolytic 
solution hold in a polymer can be used. Although especially the organic solvent contained in the 
electrolytic solution or a polymer electrolyte is not limited, it is desirable that chain-like ester is 
included from the point of a load characteristic. As such chain-like ester, organic solvents, such 
as carbonate of the shape of a chain represented by dimethyl carbonate, diethyl carbonate, and 
ethyl methyl carbonate, and ethyl acetate, pro pyrone acid methyl, are mentioned, for example. 
These chain-like ester may be independent, or two or more sorts may be mixed and used for it, 
for an improvement of a low-temperature property, it is desirable that the above-mentioned 
chain-like ester occupies more than 50 volume % in [ all ] an organic solvent, and it is especially 
desirable that especially chain-like ester occupies more than 65 volume % in [ all ] an organic 
solvent. 

[0033] However, as an organic solvent, in order to aim at improvement in discharge capacity 
rather than it constitutes only from above-mentioned chain-like ester, it is desirable to mix and 
use ester with high (inductivity: 30 or more) inductivity for the above-mentioned chain-like ester. 
As an example of such ester, the annular carbonate represented by ethylene carbonate, 
propylene carbonate, butylene carbonate, and vinylene carbonate, gamma-butyrolactone, an 
ethylene glycol ape fight, etc. are mentioned, for example, and the ester of cyclic structures, 
such as ethylene carbonate and propylene carbonate, is especially desirable. 
[0034] As for especially the ester with such a high dielectric constant, it is desirable to contain 
more than 20 volume % more than all 10 volume [ in an organic solvent ] % from the point of 
discharge capacity. Moreover, from the point of a load characteristic, below 40 volume % is 
desirable and below 30 volume % is more desirable. 

[0035] Moreover, as a solvent which can be used together in addition to ester with the above- 
mentioned high dielectric constant, 1 , 2-dimethoxyethane, 1 , 3-dioxolane, a tetrahydrofuran, a 2- 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2007/10/09 



JP.2003-221236.A [DETAILED DESCRIPTION] 



6/11 ^— V 



methyl-tetrahydrofuran, diethylether, etc. are mentioned, for example. In addition, an amine imide 
series organic solvent, ** sulfur or a fluorine-containing organic solvent, etc. can be used. 
[0036] As an electrolyte dissolved in an organic solvent, for example LiCI04, LiPF6, LiBF4, 
LiAsF6, LiSbF6, UCF3S03. UC4F9S03, UCF3C02, Li2C2F4(S03) 2, LiN (CF3S02)2 and LiC 
(CF3S02)3, LiCnF2n+1S03 (n>=2) etc. — independent — or two or more sorts are mixed and it 
is used. LiPF6, UC4F9S03, etc. from which a good charge-and-discharge property is acquired 
especially are used preferably. Although especially the concentration of the electrolyte in the 
electrolytic solution is not limited, 0.3 - 1 .7 mol/dm3, especially its about three 0.4 - 1 .5 mol/dm 
are desirable. 

[0037] Moreover, in order to raise the safety and storage property of a cell, nonaqueous 
electrolyte may be made to contain an aromatic compound. As an aromatic compound, the 
benzens which has alkyl groups, such as cyclohexylbenzene and t-butylbenzene, a biphenyl, or 
fluorobenzenes are used preferably. 

[0038] What reinforcement comes out enough and can moreover hold many electrolytic solutions 
as a separator is good, from such a viewpoint, it is 5-50 micrometers in thickness, and 
microporous films, nonwoven fabrics, etc. made from polyolefine, such as a copolymer of the 
product made from polypropylene, the product made from polyethylene, a propylene, and 
ethylene, are used preferably. Since especially the cell using the multiple oxide positive electrode 
of this invention although the property of a cell tended to deteriorate in a charge-and-discharge 
cycle, elevated-temperature storage, etc. and safety also fell when 5-20 micrometers and a thin 
separator were used is excellent in stability and safety, even if it uses such a thin separator, it 
can be stabilized, and can operate a cell. 
[0039] 

[Example] The example of this invention is explained below. However, this invention is not limited 
only to those examples. In addition, in the following examples, the particle diameter of a primary 
particle is measured based on a 10,000 times as many scanning electron microscope photograph 
as this, and the particle diameter of an aggregated particle is MICROTRAC by the micro truck 
company. It measured with the laser diffraction type particle-size-distribution measuring method 
using HRA (Model:9320-X100). Moreover, the BET specific surface area was measured using the 
Micromeritics BET adsorption method type specific-surface-area meter ASAP2000. 
[0040] (Example 1) The coprecipitation hydroxide which contains Mn by nickel and1:1 was 
compounded, adding and strong-stirring a sodium-hydroxide water solution and aqueous 
ammonia in the water solution which contains a nickel sulfate and a manganese sulfate by the 
mole ratio 1:1. After having carried out weighing capacity of the 0.198-mol UOH-H20 to the 0.2 
mols of the above-mentioned coprecipitation hydroxides, having mixed with them, after drying 
this, distributing the mixture by ethanol and making it the shape of a slurry, the mixture which 
was mixed for 40 minutes using the planet ball mill, was further dried at the room temperature 
and was mixed by homogeneity was adjusted. Subsequently, by putting this mixture into the 
crucible made from an alumina, heating to 700 degrees C in the air air current of the flow rate 
for 1 dm3/, and holding at that temperature for 2 hours, by performing preheating, carrying out a 
temperature up to 900 more degrees C, and calcinating for 1 2 hours, the mixture was made to 
react and it considered as the multiple oxide. By grinding the compound multiple oxide and sifting 
out further, it was expressed with general formula LiNi0.5Mn 0.5O2, and the lithium content 
multiple oxide of mean-particle-diameter: 1 micrometer of a primary particle, mean-particle- 
diameter: 10micrometer of an aggregated particle, and BET specific surface area:0.9m2/g was 
obtained. 

[0041] (Example 2) Except having made burning temperature into 1000 degrees C, and having 
made firing time into 20 hours, like the example 1, it was expressed with general formula 
LiNi0.5Mn 0.5O2, and the lithium content multiple oxide of mean-particle-diameter:3micrometer 
of a primary particle, mean-particle-diameter: lOmicrometer of an aggregated particle, and BET 
specific surface area:0.7m2/g was obtained. 

[0042] (Examples 3-6 and examples 1-3 of a comparison) The lithium content multiple oxide 
shown in Table 1 was obtained by changing burning temperature and firing time, compounding a 
multiple oxide, grinding the compound multiple oxide, and sifting out further. In addition, in the 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_eije 



2007/10/09 



JP.2003-221236.A [DETAILED DESCRIPTION] 



7/11 v 



example 5, the hydroxide which contains Co at a rate of nickel, Mn, and1:1:1 was used by the 
example 6 using the hydroxide which contains Co at a rate of nickel, Mn, and5:5:2 as a 
coprecipitation hydroxide. 

[0043] (Example 4 of a comparison) With the conventional method, LiCo02 of mean-particle- 
diameter:0.7micrometer of a primary particle, mean-particle-diameter:7micrometer of an 
aggregated particle, and BET specific surface area:0.6m2/g was obtained. 

[0044] (Example 5 of a comparison) With the conventional method, LiMn 204 of mean-particle- 
diameter: 1 micrometer of a primary particle, mean-particle-diameter: 12micrometer of an 
aggregated particle, and BET specific surface area:1.8m2/g was obtained. 
[0045] 

[Table 1] 
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0. 7 
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3. 2 




IiMn,,0 4 


1 


1 2 


1. 8 


2. 6 



[0046] The nonaqueous rechargeable battery was produced using the lithium content multiple 
oxide of the above-mentioned examples 1-6 and the examples 1-5 of a comparison as positive 
active material. 94 weight sections and the carbon black 3 weight section were blended the 
lithium content multiple oxide dryly, in addition, the N-methyl-2-pyrrolidone was added further, it 
fully mixed, and the paste was prepared so that polyvinylidene fluoride might serve as 3 weight 
sections in the binder solution which dissolved polyvinylidene fluoride in this at the N-methyl-2- 
pyrrolidone. This coating was applied to both sides of aluminium foil with a thickness of 20 
micrometers at homogeneity, after drying, pressing was carried out with the roller press machine, 
it judged in 280mmx38mm magnitude, and the band-like positive electrode whose thickness is 
about 170 micrometers was produced. Moreover, the weight of the binder layer of each produced 
positive electrode was measured, and the consistency of the mixture calculated from this value 
was collectively shown in Table 1. 

[0047] So that more clearly than Table 1 the lithium content multiple oxide of examples 1 -6 
General formula Li1+x+alphanickel(1-x-y+delta)/2Mn(1-x-y-delta)/2My02[It corrects. It is 
0<= x <=0.05, -0.05 <= x+alpha <=0.05, and 0<=y<=0.4. - It is 0.1<=delta<=0.1 (at however, the time 
of 0<=y<=0.2), or -0.24<=delta<=0.24 (at however, the time of 0.2< y<=0.4). M — Mg — Ti — Cr 

— Fe — Co — Cu — Zn — aluminum — germanium — Sn — from — becoming — a group — 
from — choosing — having had — one — a sort — more than — an element — ] — expressing 

— having — a presentation — the range — it is — By being within the limits which is 0.3-3 
micrometers whose mean particle diameter of a primary particle and an aggregated particle it is 
the multiple oxide which the primary particle condensed and formed the aggregated particle, and 
is the generic claims of this invention, respectively, and 5-20 micrometers the mixture when 
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constituting a positive electrode — the consistency was able to turn into a consistency almost 
comparable as LiCo02 of the example 4 of a comparison currently conventionally used widely, 
and was able to raise restoration nature. On the other hand, even if it had the above-mentioned 
presentation, the lithium content multiple oxide of the examples 1-3 of a comparison with which 
either of the mean particle diameter of a primary particle and an aggregated particle deviated 
from the generic claim of this invention had the low consistency of a mixture, and only 
restoration nature comparable as LiMn 204 of the example 5 of a comparison was obtained. 
[0048] Next, the paste which mixed the natural-graphite 92 weight section, the low crystallinity 
carbon 3 weight section, and the polyvinylidene fluoride 5 weight section was applied to both 
sides of copper foil with a thickness of 10 micrometers at homogeneity, after drying, pressing 
was carried out with the roller press machine, it judged in 310mmx41mm magnitude, and the 
band-like negative electrode whose thickness is about 1 65 micrometers was produced. 
[0049] After having arranged the separator which consists of a microporous polyethylene film 
with a thickness of 20 micrometers between the above-mentioned band-like positive electrode 
and a band-like negative electrode, winding around it spirally and considering as an electrode 
object between, it inserted into the closed-end cylinder-like cell case with an outer diameter [ of 
14mm ], and a height of 51.5mm, and welding of a positive-electrode lead object and a negative- 
electrode lead object was performed. Then, the nonaqueous electrolyte which comes to carry 
out the 1 .2 mol/l dissolution of LiPF6 was poured into the mixed solvent of the volume ratio 1 :2 
of ethylene carbonate and ethyl methyl carbonate three times 1 .7cm into the cell case. The 
mass ratio (positive active material / negative-electrode active material) of the active material 
of the above-mentioned positive electrode and a negative electrode was set to 1 .9 with the 
electrode object which used the lithium content multiple oxide of an example 1. 
[0050] Opening of the above-mentioned cell case was obturated according to the conventional 
method, the nonaqueous rechargeable battery of a cartridge was produced, and discharge 
capacity was measured. Under the 20-degree C environment, after charging to 4.2V by 600mA 
constant current, it charged with the constant voltage control, and it charged so that the sum 
total time amount of charge might turn into 2.5 hours, and the discharge capacity when 
discharging to 3.0V by 120mA constant current was measured. This result was shown in Table 2. 



[0051] 
[Table 2] 





(mAh) 


m*m\ 


6 0 2 


nmw2 


6 0 1 




6 0 2 


nmw4 


5 8 6 


mmms 


6 04 


^^011 6 


6 04 




4 8 3 




4 9 3 


tfc««3 


4 2 2 


J*«!#|4 


6 2 0 




5 1 0 



[0052] the cell using the lithium content multiple oxide of examples 1-6 — a positive electrode - 
- a big discharge capacity was shown like the cell of the example 4 of a comparison using 
LiCo02 according to the pack density of a mixture being high. On the other hand, since the cell 
using the lithium content multiple oxide of the examples 1-3 of a comparison had the low 
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restoration nature of an active material, only a low discharge capacity was obtained like the cell 
of the example 5 of a comparison using LiMn 204. 

[0053] Moreover, about the cell using the lithium content multiple oxide of an example 1 , an 
example 6. the example 4 of a comparison, and the example 5 of a comparison, the charge-and- 
discharge cycle by discharge to 3.0V was performed under the temperature of 20 degrees C by 
charge on the same conditions as the above, and 600mA constant current, and the cycle 
property of a room temperature was evaluated by the rate [capacity maintenance (%)] of the 
discharge capacity after 1 00 cycles. Furthermore, in order to investigate the cycle property in an 
elevated temperature, the above-mentioned cycle trial was performed also under the 
temperature of 60 degrees C, and the cycle property of the elevated temperature in [capacity 
maintenance (%)] comparatively of the discharge capacity after 20 cycles was evaluated. 
[0054] Furthermore, it is the following, and the storage property was made and evaluated. After 
performing a charge-and-discharge cycle 5 times on the same charge-and-discharge conditions 
as measurement of the above-mentioned cycle property, the cell was charged on the above- 
mentioned charge conditions, and it stored for 20 days under the temperature of 60 degrees C. 
the capacity which discharges on the above-mentioned conditions after this storage, and 
remains after the storage to the capacity before storage — [capacity maintenance (%)] was 
measured comparatively, the capacity after storage of as opposed to [ to after measurement ] 
the capacity before 1 cycle deed and storage for a charge-and-discharge cycle — [capacity 
recovery (%)] was measured comparatively. The above-mentioned capacity maintenance and 
capacity recovery were comparatively alike, and the storage property in an elevated temperature 
was evaluated. These results were shown in Table 3. 
[0055] 

[Table 3] 
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[0056] The cell which was excellent in the cycle property and the storage property by using the 
lithium content multiple oxide of an example 1 and an example 6 for a positive electrode has 
been constituted so that more clearly than Table 3, but when LiCo02 and LiMn 204 were used, 
the cycle property and the storage property were inferior to the lithium content multiple oxide of 
this invention. The following experiments were conducted in order to investigate this cause. The 
positive electrode using the lithium content multiple oxide of an example 1 , the example 4 of a 
comparison, and the example 5 of a comparison was cut off in diameter of 15mm in argon 
atmosphere, and it was immersed in the 5ml electrolytic solution, and held for five days at 60 
degrees C. In this way, ICP spectral analysis was performed to the obtained electrolytic solution, 
and the quantum of the concentration of Mn and Co which were eluted in the electrolytic 
solution was carried out. The value which converted the elution volume into per 1g of multiple 
oxides was shown in Table 4. 
[0057] 

[Table 4] 
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[0058] Even when the lithium content multiple oxide of an example 1 had the small elution 
volume of Mn a single figure and was stored at an elevated temperature rather than LiMn 204 of 
the example 5 of a comparison, it turned out that the dissolution of Mn to the electrolytic 
solution is fully controlled. There are few Mn elution volumes of an example 1 than Co elution 
volume of UCo02 of the example 4 of a comparison, and it turns out that it is the ingredient 
excellent in the endurance in an elevated temperature. Although it is known that degradation of 
capacity is remarkable when the dissolution of Mn took place and the charge-and-discharge 
cycle was carried out at the elevated temperature, or when it stores at an elevated temperature 
if LiMn 204 becomes an elevated temperature, the result of Table 4 has supported it. On the 
other hand, although LiCo02 is the ingredient which such a problem cannot produce easily, be 
[ the lithium content multiple oxide of this invention / the ingredient which was further superior 
to this LiCo02 ] is clear. 

[0059] (Example 7) It ground and the lithium content multiple oxide compounded in the example 1 
was sifted out until the average value of the diameter of an aggregated particle was set to 5 
micrometers, and the lithium content multiple oxide B was obtained. Subsequently, it was 
expressed with general formula LiNi0.5Mn 0.5O2, the lithium content multiple oxide A of an 
example 1 and the above-mentioned lithium content multiple oxide B which are mean-particle- 
diameter: 1 micrometer of a primary particle, mean-particle-diameter: 10micrometer of an 
aggregated particle, and BET specific surface area:0.9m2/g were mixed by the weight ratio of 
60:40, and the same nonaqueous rechargeable battery as the above was produced by using this 
as positive active material. 

[0060] (Example 8) The nonaqueous rechargeable battery was produced like the example 7 
except having set mean particle diameter of the aggregated particle of the lithium content 
multiple oxide B to 3 micrometers. 

[0061] (Example 9) The nonaqueous rechargeable battery was produced like the example 8 
except having set the weight ratio of the lithium content multiple oxide A and the lithium content 
multiple oxide B to 80:20. 

[0062] (Example 10) The nonaqueous rechargeable battery was produced like the example 8 
except having set the weight ratio of the lithium content multiple oxide A and the lithium content 
multiple oxide B to 95:5. 

[0063] (Example 1 1 ) The nonaqueous rechargeable battery was produced like the example 7 
except having set mean particle diameter of the aggregated particle of the lithium content 
multiple oxide B to 7 micrometers. 

[0064] the above-mentioned examples 7-1 1 — the above-mentioned — the same — carrying 
out — the positive electrode before a cell assembly — the consistency of a mixture and 
discharge capacity of a nonaqueous rechargeable battery were measured. The result was 
combined with the result of an example 1, and was shown in Table 5. the nonaqueous 
rechargeable battery of the examples 7-9 which were mixed with the lithium content multiple 
oxide B which has 3/5 or less mean particle diameter of the mean particle diameter of the 
aggregated particle, and used the lithium content multiple oxide A of this invention so that more 
clearly than this — a positive electrode — the consistency of a mixture was able to become 
large, the restoration nature of an active material was able to improve, and the discharge 
capacity of a cell was able to be made to increase a positive electrode comparable as the 
example 1 which used the lithium content multiple oxide A independently in the nonaqueous 
rechargeable battery of the example 11 which changes neither the example 10 with few the 
mixed rate, nor the mean particle diameter of the lithium content multiple oxide B so much to 
the lithium content multiple oxide A although the mean particle diameter of the lithium content 
multiple oxide B is small enough on the other hand — a mixture — becoming a consistency and 
discharge capacity, the effectiveness by mixing of an active material did not become clear. 
[0065] 
[Table 5] 
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[0066] 

[Effect of the Invention] As explained above, by this invention, restoration nature is high and the 
nonaqueous rechargeable battery excellent in cycle endurance and the keeping under an 
elevated temperature can be offered by high capacity by using the lithium content multiple oxide 
excellent in the cycle endurance under an elevated temperature, or the stability at the time of 
elevated-temperature storage. Furthermore, since the lithium multiple oxide used by this 
invention is using Mn and nickel abundant in resource, and cheap as main configuration elements 
compared with Co, it also fits mass production method and can contribute also to the cost 
reduction of a cell. 



[Translation done.] 
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a^#m^^ma t R-ffi^T* -§> *\ * fziz-mx 

Li 1+a + b R 1 _ a 0 2 [fcfiL. O^a^O. 0 
5. -0. 05^a + b^0. 0 5T"£>oT. FltiM 
g. Ti. Cr. Fe. Co. Cu. Zn. Al. G 
e. Sn*»^&»A>^a»J$iifclgJjUi<07eil] T* 
^$^xS^i:^^mi:t--g)fSOT7~l 0<5VWC 

[000 1] 
[0002] 

-KWMt LTii. iEfllWRfc LTLiCo0 2 Jffl 

nmmmmtLxmmmtn^m^tz$^-<mm. 

tmSMtiStiX v ^ . ±IB^7k~^m?fe{ix^/P^-?5 

yfetfOIEfig^t LTffiffl$^TV%SL i Co0 2 ti. M 

8HWffcLT^fflS*lTV^. L^t^^. Li Co 
0 2 C o £/smi: LT«JtS<l*fe«) 

C o {iiS«T-S> 0 . W^ift *> ^ § v \jt«> . 

[0003] ±MA(c«*» «Blc7C^iOflfit&^M 
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h . *<?WV%> . L i £*t LT 4 VftiS^BEBRWT^S 

iktt* f nreg , r'* & x t*/i>8!«se<oL iMn 2 o 4 ^ 
l i m n o 2 \,zm$h m^^^hfix a 

9. ±|£L i Mn0 2 <?)M n<7)-gB£N i^C 

o. A 1 ik'tiiLfc'Jf -^A^^IHkW, L 

icoo 2 £Kh&tt®tLximztix\,^ mffjc 

«1-3#«H) . 
[00 04] 

1 1 - 3 7 o o m&m (®mm^ 

0027-002 9) 

[^S3K2 3 nm¥ 1 1-2595 7#&« 
#0 00 3-00 08) 

[<®¥t3M3 3 ^^2000-22312 2#&$8 (« 
|g## 0002-0009) 
[00 0 5] 

#_LtBL i Mn0 2 COMnCO— g&£N i-^C o^t'TM. 
£*Jtf>«j£. Li k*«fl&&«7U*k<0SJt J $\ 

mmmamw^m^L, & x tm&wwmmz ft & 
tx-coiirfmm* biz**), *<vmmwm*zcomi 

[0006]#^ NitiSra^ofc^ti. M 
nfcNi kOiit. fc«ttf£ft^^k*ftmc0S8l 

#<3£ffcU MnkN i kOSJt£t5t3ri : lfcU M 
nfcitfN i k^ftJ^h^§m^k^4Jt£-5£ISH 
k ttftlf %ftTi^<^ft^b£»'*# t>ix% i ^ 

k. Mni3j:^^)fl&{rai7C*fcLifc^ilbfc«fc , 9a 

[ o o o 7 ] $ ^ ±ieu +vj*4s-tt&mcm<?M 

=H&Blz iot, Wft<?5l«feA«** < ft& £ k t, 

[00083 #f6njj(i, ±ieiigi^^-r^< m&mt 

fflV^ d k 1 0 . iSSJtCaaHIlM ^KWM 
[0009] 

^mtmz. hrssl i 1+xtII Ni (1 . x . y 

+ s )/2 Mn (1 _ x _ y _s) /2 M y 0 2 [/SAf 
L. O^x^O. 05. -0. 05^x + ag0. 0 
5. O^y^O. 4T-&D. -0. 1£S£0. 1 <fc 
^'LO^ySO. 2<r>£%) £t z te-o. 24^S^ 



0. 2 4 (fciELO. 2<y^0. 4<7)t £ ) T&o 
T. M(±M g . Ti. Cr, Fe, Co. Cu. Zn. 
Al. Ge. Sn*^^rS»*»^,S«§ilfelSUUi^ 

tzM-SMimXh 0 . ^-&&^TO&^iI#0 . 
3 ~ 3 // m Xh 0 . rifcffrPWWfr?®* 8 

[00 1 03 *fc*«H^^7K~<WKft«. ±IBU^-'7 

[00113$ £fc*SPJi^#*~<WEftli. JJEUf- 
^ A-£#»te«Mfc!ft* A k Lfc k S £ . JE&mmt L 
T . 4«5r < b i> . V *?7J*-&1tgfemmA b . 

^^^Htrieii^®!^A<7)-»:mwT%^@j; 

[00 123 

(l-x-y+5)/2 Mn (l -x-y-S)/2 M 
y 0 2 [jt^'L. OSx^O. 05. -0. 05^X + 

a^0. 05. O^y^O. 4T&9. -0. 
0. 1 (^Tt'tO^y^O. 2^k^)^^{i-0. 2 
4^5-^0. 24 (fcfc'LO. 2<yg0. 4«0k^) 
T'J>oT. MtiMg. Ti. Cr. Fe. Co. Cu. 
Zn. Al. Ge. Sn*>^SS*^M$^ll 

feLhc^as] xmzti. -mtL^tfrntkLx-vrnT* 
jm Ltzm&mmx'& o . f^-^w^fs 

# 0 . 3 - 3 /x mT* 0 . - 5 ~ 
2 0 mTJ & i k S: m k i~ h . 
[00 1 33 -T=5ri?*>. *»HH<oy^*>A**«^i«k 
Wi. ^<kt>N i kMn^^TC^kLT^L. 
N i kMnCOiitJ&U : 1 k^&ffl^^+'^k L 

[00 143 *«ffifci*iV^ . ±ieoJ; ^ ^RS<bti^ffl 
«KBl<0*3WaiRS ft S c7)(iOToa*t3 J: S . -f%£> 

flairtctsi^Tti. N i fcMnOMJt*«l : 1 k=Sr-S»H& 
S^LiNi j /2 Mri! / 2 0 2 t'^$ftl>M^» 
ktT. N i fcil^M nm^x/2f OL i ft 
mZti. N i kMnc0MJt3&n/2*^^ft-fft^/2 

<fctf- <J / 2 Tt'ttTft. L i C7>fijt#a ^'ft<i^^r 
L. N i *3«tlfMn*«. -eft-rfty/2-TOTU^ 

M (fcrtfLMtiMg, Ti. Cr. Fe. Co. Cu. 
Zn. Al . Ge. S n £ DStRSftS 1 S£Lfctf>7C 
*> TIHftSftJtffl*, ^*>*>. -«L i 1+x + a 

Ni(l-x-y+*)/2 Mn 

(1 _ x _ y _ 5)/2 M y 0 2 [>tfiL. O^xg 
0. 05. -0. 05^x + «^0. 05. O^yg 
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0. 4T&9, -0. l^a^O. 1 (fttfLOSyS 
0. 2C0t%) ttiii-O. 24^5^0. 24 (tztz 
LO. 2<yg0. 40fc# ) T'fcot, MliMg, T 
i . C r. Fe, Co. Cu, Zn, A 1 . Ge, Sn 

[ 0 0 1 5 ] 8teBWMi8<t»tf>M nWWft3S« 

4tifi£#<Z>ft (fci^-3. 3~4ffi) Srt&ifc. 5£Sfc 

[00 16] y>0T\ THRMt LT^<i:fc 
aMMOftffWteMfc _fc* & i b tfhfr^tz . 

[0017] $ ^izmm^mmmizxix-n . n i N m 

niJil^MOgJt^l : 1 : 1 fc$r&*ij£, -$"%h*>- 
ffi&L iNi 1/3 Mn 1/3 M 1 /3 0 2 "C^Sil* 

[0018] *3fcHjj^^K<fl5foii. K«** I 4 . 5 5 
-4. 95g/cm3 fc*£&fiIk3rD. I^Mx^ 

**, ±ittm^m.mmizte^xmmmiiiiizti. m 

-ffl^J«$iX J ^r<^S)ti6. L i Co0 2 «m 

&U*&j£<^fc£lc^gii*#<&9. -0. 0 15s 
x + «^0. 0 15Cfc^t.t>J;'?-4. 7g/cm 3 

[0019] JJEHR^L i i + x + « N i 

<l- X -yt-S)/2 Mn <l-*-y-<?)/2 M 

y 0 2 [tot'U Ogx^O. 05. - 0. 0 5s£x + 
a^0. 05, O^y^O. 4X'foK) . ~0. 
0. 1 (tztzLO^y^O. 20k#) ifcii-0. 2 
4=§S^0. 24 {tztzLO. 2<y^0. 4?)k£) 
T'&oT. MiSMg. Ti. Cr> Fe, Co. Cu, 
Zn. Al. Ge. S n3&»fe«r*»36»fejW?$*l.fc IS 
ULhW7C«] fcfctvC. N i fcMn<9fiJtliS#Wfc:ti 

l : lT'&l^k^WkL. 4»#fl»»6<Wi <*/ 
2)(i. -o. u^o. lfc/h$^«[L*HHF*$#i 

fcrtfU 0. 2<ys£0. 4<0«fiaKH-Cli, £ 

0. 1 fc&U(7)T'£>l>#*. 0. 2<ygO. 4(D®.f$M 
mX'ii. $cr,m^ -0. 24^5^0. 2 4C0«EH*-C 

[00 20]d£T\ y<0±BBfit£0. 4tU^ll 



y > o . 4 comm.. ~r%t>-t>7mMTcr>wmstfo . 4 
^^<t£hb. wtob^hm&mmfr\zwmmi$L 

[ o o 2 i i h$mm:tt&m^m<mm 

b LT. -mk¥tfmMLXZ&m-£&&Ltzi><?> 
X\ ^MW^fe^O. 3-3wmt* 

o . -<m? wmz? g# 5 ~ 2 o m t-& & 
itmrnrnztiz, ztun. ~<x®.wmMLx~<m 

=?ZBfcLtzl>(?)l,Zlo^X . ^ftlitfettSRJCtt^ 
o . 3~3>umkiM,,rkk:J: 

_L$ -tir* £ fc . -^WV^tfrP&S: 5-20 
// m CI fc fcj: 9* »^IWt*03WHtttW«>T« 

ffi£K^s<ftf-£ d b tfX'% h . 

[0022]S^t, ±Mm&ffltm<DB E TftOTm 
12. 0. 3-2m2 /g<9i£B£;fci>.rk#a£LU. 
£*Ui. BETJtOT«#0. 3m2 / g j^LtC* S 

conKmmzmtix *j o , 2 m 2 / g fcrrc* & *> coii 

fl^wafis^& < -r s ^ t zfrtyx-hh. 
[0023] ±MLtzm : r&m<7>v**7J*i£im-&mtt. 

Mitt. NiiJitfMn, ifcliNi, Mnfcck 

At. N ij3«fctfMn*JfciiN i . Mn-j3J:lf7C*M<^ 
ftitoKBMkft*^ L . -ix^'J ^MtisWlb bhtz 

burl. ^ ^z^zmtx^mtitzm^mim^m 

imiz®ftts it/^S ^ifth z.blz£>o %h z. b ifi 

x-%h. 3m*b&wzmmtfx*%b'mmz 

1 0 tm%£±t-&tsmm^'PX' y rr oZbtm&LK. m 
j£&J&ii&J:^7 OO'C-110 O'Ct'. M^^til 

~~2mmb-t&(7)W-imx'h&. ttz. ±.§mm 

5 0°C)T'0. 5-3 0^«fiJ«fjl\ $4> 

iWm&ZiihnxifrZ m&mtm<n- 

wmzizmm-t&z.bizxomffl-rzzbtfX'i*. z& 
m-mt, mww%®ftv>nmt$£tf^z>^-ftmz£r) 

[0024] kLB£^£ 'J A^-^rlt^^^jE® 

»t Lxm^zzbizz*). mtimrcoxdifZL 
xm\<.-<xwMtfimzti& o 

[002 5] iE^fi. ±IE^^-fL^{c. ^-Tixtf . 04 
lit /:i:^yfh77;^nxfi/y, ^'J7 

bLxcoftmzmia&mmzimL. m&b-mtLtz 
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[ o o 2 6 j _hisy ^^^m^m-itmn. m 

[0027] ^BJOU ^">A-ir^^^«SrA i: 

HWUmZ B t U A**lft&lftflab BO 

'J A«a^BMBBa A^i^W) 
¥«^@^3/5£TFi:t-&::h**a*U^ BOT 

fc, B^nw^rmma. o. lummmt^t 

B OT^tStfS t ti . B ^^FiO^if-flJlfrFe 

[0028] v+v&ifimGmimBit. v+vj>& 

ft?*oTU^. fBfifc&*Afc*5r*«-&te. HRsSL 
i 1 + a + b R 1 _ a 0 2 [fcrtfU O^agO. 0 
5. -0. 05^a + b^0. 0 5t'|)ot, R(iM 
g. T i , Cr, Fe, Co. Cu, Zn, Al, G 
e. Sn*»fe*&»3&»4.aB?$<U:l«a±<wa6] T 

Tt>. R3^*<fct> Co LiCo0 2 
£Jt*T»lSttK£S Uf-^A*«^BKb!|»AS:ffl^ 

[0029] v+vj*&tt£mftmB(vm&ii. joes 

*LJ:0^^«^{i. Uf-^A#^^»AS:M 

£ti , U A-gr^a^iMtfll A«^5: < o T , 

[0030] ±aEjESi:»|fiI$**M«)iglMlfc LT 
jlfSJi, »Jf ^ASWiL i - A 1 ^ Li-P 
b^. Li-I n£-& % L i -Ga^i:'(7)ijf 



lfl>tlh. Zt>lZ. SnMl SiMiUM. L i 4 T 

i 5 o 12 ^fc'o^k^TO<7)ij*\ mx&mmj®t 

[003 1 ] JJBjE«fc«fc*J»t*SS1««<95aifcfc t 

li, I»f/IMi=l. 5-3. 5 (M 
it) fc-r^. CfctiO, iEffiJSftHKO^ttS- d £ < f ijjfl 

[0032] *f^^|*ZUWtafc*5tt*^N*WW 

mmm< l zmfeztihi><7)Tte%\ f w. fmw&n&fr 

oZmftJ^Xr-frtLXiZ. tzbttf. i/X*)V*j-X 

iiaM^x^-f/P^^H^+O 5 0 flcK%J3LhS- * 
£ t t>W$ L < N ^{:lttxxf;^ti» 

[0033] titZL. ^mmt LXit. ±fBM^x^ 

a^tz. ±IE^xxx;W^^o©^ (f^W: 30 

ia^x^x^M^MfcLTIi, ^!fc£if. x^-i^y 

-h. rob^^-^-h^fc'w^mjtoxxT- 

[0034] Zcoj: o =5rit^i^xxf;Ul M 

«*<ojfe&^. &tmm&*i oim%i2±. ^20 

[00 3 5] ifc, ±ISf^m^^^xXx/H^Kc« 
2-^f;l/-f h5t h'D77>> >?jcf-;pjc— f;P 5 5r 
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[0036] immmizmMtsitzmMmt txa. tz 

ktlf. L i C 1 0 4 . L i PF 6 , LiBF 4> Li 
AsF 6> LiSbF 6 . L i CF 3 S0 3 . LiC 4 
F 9 S0 3 s LiCF 3 C0 2< Li 2 C 2 F 4 (SO 
3 ) 2 s LiN(CF 3 S0 2 ) 2 . LiC(CF 3 S 
0 2 ) 3 % L i C n F 2 „ + , S0 3 (niS2) 

aPSrStetrafttttfft&ft* LiPF 6 ^LiC 4 F 9 S 

wmsnt. mzmfezti&i><DX'ii&\,w. o. 3- 

1. Traol/dm^^O. 4 — 1. 5mol/d 
[ 0 0 3 7 ] ifc . «ft<03^tt^»|?««ptt*l6|±S^ 

i\ ^r#«eik-^fcLT«, ym^y/i^y-ey-^ 
t'7x-iK fc^te^/kto^y-tV^ftF^L 
[0038] -fe^W-^ t LTfi, ^3&9E^TL*>i, 

■f-uym. ywuyt^uyto&m&fotct'tfV 
[00 3 9] 

[MM] lilT^^BjconsiCT^LT^-ri,. ^ 

*f l . *mite*tit><?>mmM<7)x-izmfezti& i> <?>x 
i Tjmn&exrmmtis** *> t em l . z 

tfS&T-co&^gti. ?Onh77 ^ttlM I c ROT 
Ft AC HRA (Mode 1 : 9320-X1 00 ) & 

E T^JtMUft A S A P 2 0 0 0 fcffll, vCSJjg L 

[0040] (mm i ) kk- -x ffrtixx/fmvy 



tfyzizMt i : i xis-^th^mmzym^i- m ^ 

N i M n £ 1 : 1 r*tf*4&ifc*l!Wfcft*^J*L 
fc. iilS:ia»S^7t», ±ia^?t7k^«0. 2m o 
li, 0. 1 9 8mo 1 COL i OH • H 2 O^WiLT 

m-&u z<vm&m*^?s-->uT4mz-£XA : 7 t j- 
mzttzm. mm.#->u$)vzm^x4 0ttfflm&L. 

1 dm3 /#<9aUfcO£»»8t*"C7 0 OtiTM 

l . ^coisgx- 2 i^ria«m-s -r t «t o ^im^ 

t\ 3&£9 0 0TCfclMaLTl 2^^-ri>«Ifc^ 

&5£L i N i o . 5 Mn 0 . 5 0 2 X'0iZtl. —<m.=f- 
: 1 um^ HiJCtt^OTJWiM : 1 0/z 
m. BETJtOT«: 0. 9m2 /g<OU^»>A^#Jt 

[0041] (!etoffl2)«fifc&ffi£l 000K:*:U 
£MB#f§£ 2 O^HSfc LfcEtfHilSttflJl tmWiZL 
T,HSSLiNi 0 . 5 Mn 0 . 5 0 2 -C'^$^. — 

10wm s BETJt^fflm:0. 7m2 /g^'JfW 

[0042] (^MM3~6fcj;^JtWil-3) 

^m. LtzM^mm*¥m l $ ^ cu>& v^ttt* - 1 

KJ: 0 , « 1 iz^-ri) f-?A««MHfcft£»fc. & 
fc, HJfi«l5-Ctt, ^ifckigMk LTN i . Mnfci 

HSfeM6-r'{i, N i , MnfcitfCo^l : 1 : 10M 

&x*%m-&*mm*m\vz . 
[0043] < tmm4 ) ft&mz * 9 , -acitFw 

: 0 . 7 jLt m s ZiWa^OT^^S : 7 // 
m s B E TJt^iUfi : 0. 6m2 /giOL i Co0 2 £ 
fife. 

[0044] (Jtt^l 5 ) fl£*ffi(C«t 0 . 

ljizm, -<JCS^<VF%li?fl : 1 2/zm, 
BETit^S^: 1. 8mVgi?)LiMn 2 0 4 ^| 

[004 5] 
[^1] 
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«a # 




Um) 




(g/cm 3 ) 




liNi 0 . B Mn 0 . 5 O a 


1 


1 O 


0. 9 


3. 0 




liNio. 5 Mn„. 5 O a 


3 


1 0 


0. 7 


3. 0 


mmw3 


LoNio. s Mn 0 . s O, 


0. 8 


7 


1 . 3 


3. 0 


mm a 


LiNi 0 . 5 Mn 0 . 5 O a 


0. 7 


6 


1 . 7 


2. 9 




LiNio. 4sMn 0 . <a Co D . , , 

o 2 












LiNio. 33 Mn 0 . 33 Co 0 . S3 

o 2 


I 


1 0 


0. 9 


3. 0 


ttmai 


LiNio bMdo, bOj 




3 


0. 9 


2. 5 




LiNio. s Mn,. B O a 


0. 7 


4 


2. 1 


2. 6 




LiNi 0 sMn,, B O a 


0. 2 


7 


2. 8 


2. 5 




LiCoO, 


0. 7 


7 


0. 6 


3. 2 




LiMn a 0 4 


1 


1 2 


1. 8 


2. 6 



[004 6] ±ia^SfeMl~6i5j:yjtWJl~5^U 

U 7 -yffclb'— U-r y$rN — ^< 2 - tfn >J K y izm 
SS5fc3rSJ:ok:-&[i;L. $^>^N-p<^-2-t°oy 

M$rl?$ 2 0 /i mc7)r;l^$ A?gc7)MffitC%— t^M 

U 280mmX38mm^$HiiUI^ 
1 7 0jczm<o^tfIEffi£fmL*; o ifc, f^L^IE 

[0047] mxnmh^xo^ mm\i-6?> 
v^^^m^tm^ -m:h i 1+x + a Ni 

(l-x-y-(-S)/2 Mn (l-x-y-<5)/2 M 

y 0 2 [fcfc'U O^x^O. 05. - 0. 0 5sSx + 
«S0. 05. O^y^O. 4T'£)>). -0. U5g 
0. 1 (tztzLO^y^O. 2<Ofc#) ££ii-0. 2 
4^5^0. 24 (fztzLO. 2<yS0. ACOt%) 
T'&oT. MfiMg, Ti, Cr. Fe, Co. Cu. 
Zn. A 1 . Ge, S n^&l^^ill^il*; 1 it 

Tfc h Z t lz£ *) . IE® Lfc k % cDHrM®m&. 

i^£vmmztiT^&imm4<7)Li coo 2 ttas 
±.§m&ttLx^xi>. -v&?to£xf-<m* 



Jt«^IJl~3cr)'J^^A-^™^«i. ^8«J<0$££ 

it^MscoL i Mn 2 o 4 tmmmoxm'&L 

[ 0 0 4 8 ] &t2. ^^HIS9 2ttft35. 

fc^-* b i o At mcommcommizm^zm^i 

3 1 0 mm X 4 1 mm<7)*£ $ tZ^BJr LT^jWKJ 1 6 
[0049] JifE^^jEfik^flffii: OlSIt:J5§ 2 0 

mm. i§5i. smm^mHm^mm^-x^z 

^>kx iHl^-tf*- h fc <OflcfgJt 1 : 2 coil^JSSSH;: 
LiPF 6 il. 2mo l/lJS»$-fr-CS:&^NclEjB 
1 . 7 c m3 ±$BEfet%&<r>%®mv> 
MMJt ( IISftf/tMI ) (i . H5S0IJ 1<0V + 

^A-fr^ra-^BMbifti* Mv^«ffi«cr« 1 . 9 k Lfc. 

[0050] ±IS^?fty-XC0^Pg|5S:^^oTK 
ff^fc. 2 OTOHStTC. 6 0 0mA^W4. 

2 V £ T3frt L£f£. ^HE^-C^fE L r . Ttmo^ 

i+m*«2. 5mwib%&£oizi?m*mK 120m 

ACO^IBSST 3. ovj ttlU k # co^TOfi^M 

[00 5 1] 
[^23 
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(mAhl 


mmi 


6 0 2 


mmM2 


6 0 1 


mmm3 


6 0 2 


MteM4 


5 8 6 


nmm 


6 0 4 


mmwB 


6 0 4 




4 8 3 




4 9 3 




4 2 2 


Jfc««4 


6 2 0 




5 1 0 



[0052] mmm i ~6 <r> y 

l i c oo 2 zm^tzimM4conmbffimizizz%m 

L i M n 2 0 4 *fflV^tt««50Wafcra*. ffiVySfe 



[0053]*)t, HJfcMl . mffiM6 . it«0*4iJJ: 

Wt. 2 0°CO^TT\ ±IBfcf5l«(7)^T'^mfc 
6 0 0mAO}g«8frC3. 0 ViT«0l&1Efc:J:*«« 

imwm (%) d -c^sw-r ^;i^h4^ml^. 

4 ^;H^$r6 0 0 C^^jrF"C^ffoT. 2 01M?>1' 

moOT^s^fj-^ (%) ) -cmwm ? 

[0054]$ fed. fl?&#tt£OTtf>J: a £ LTM 

sim 5 mn^zmz. ±m-ftmkftxmm*i£ 

^#LTV^^Mofij^ C££*i# (%) j £80I5£L 

au^f^. imm^ viv-kw* Dvftw mm 
m<7)®mzm-z>$mm<7)®&<?)M£ tmmmm. 

mziz^Ltz. 

[00 5 5] 
[^3] 





■y--<?/i4m./&&m& (%) 




2 ot 


6 Ot 


mmm (%) 


(%) 




9 3 


9 8 


8 8 


9 9 




9 5 


9 8 


8 7 


9 9 


Jte?«ai4 


9 0 


9 4 


8 0 


9 4 




7 5 


9 2 


7 2 


8 2 



[00 5 6] ^3 iOBJJ^&J:^;:. iiilfcW 

» 6 <7) y ^ j>.^m-&mmziEmzm^h z t 
izx*). *m rjmft&jiVftfmmizmtifzmmtfffi 

mX'Ztztf, L i Co0 2 ^>L i Mn 2 0 4 ZRfr^zM 

m^mmmtf&^x^tz. z\cr>mm*m^htz#>. 
jaTOHi^iTo tz . mmm 1 . tmm 4 & i vitmm 
5nvi~v2*ttmizmimzm^tziEmzT)^>m 
m^xmm 1 5 m m tz® k> m 0 , 5 m 1 ommmizm 

iSLTs 6 0°CT'5BP H 1&ftL*. .1 3 LT#£>;fi*:m 

htz 0 0&gL/L>flI£iS4 t^L/c. 
[00 57] 
[f£4] 





8<£-6*{t:i&i gfcfc 


0<©»tfjS (m) 


Mn 


C 0 


mmmi 


4. 9 




J*W«4 




18.7 




3 6. 7 





[oo58] mmm 1 ^ y ^ a^m^shcw. it 

WJ5«LiMn 2 0 4 miiMnnmitiSitfim^ 
<. m&X'SrMLtzm^X'h , fM$^Mn«^ 
^^P$|J $ /IT ^ 5 i i: £ . gftft 1 n 

iMJSte. JtifKtfHOL i c o o 2 <7)C offlfffiiJ: 0 1 
4-&< . SiB"C«oitAttfc:fth.fe*f^f* set 

4. LiMn 2 0 4 II iSiSt^S^MnCO^SP^C: 

tz^^mmo^mwm l v ^ t f> tix v ^ ^ m 
4<mmi*tL*mmn:^i>. -^r. licoo 

t $ h izmtitzttmx'h $>ztizwt> frx-h h . 
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coo59] ( mmm 7 ) mmm i Ltz y a 

fc. #V vrj\ — jftsSIL i N i o 5 M n o . 5 0 2 « 
tSt^FS: 1 Ojunu BETJt^TO: 0. 9m2/gt 

hhmm 1 *> 'j A*w«a«ft5ft Afcjje u 

A^a^BMbift B^60:40 <0fi*Jfc£T»& 

[00 6 0] (mmm&) »*vj*4ftin&MmB<r> 
[0061] ( mmm 9 > y ^ a k 

U-f-^*^ra^-BMkfllBfcOM«lfc¥«:8 0 : 2 0k 

LtiWHtmmms t mmiz Lxw*-<znmzftm l 
[oo62] < mmm 1 0 ) y A-^^a^gKtft a 

k 'J^»> A4«*teRft!lfcB k OSitb^S: 9 5 : 5 k 

Lfcjawiisti«8 k mmiz tx^-amm^m t 



[oo63] ( mmm 1 1 > y a^^^«b 

orasKff cW^^gfc 7 ju m k LfcW*Mil£SS097 
[0064] ±MEmmm7-^ l l tZOWC t . ffiifcfc (1 

=ww&r¥&n 3/5 &T<D¥-mt?mtt-r& y f- 

^A-^^-^gHt^) B kiHo- LT ffl V 7 ~ 9 <7) 

8B4*»/hS t , * wm-^fJ-^-^^t ^S6P9 1 o 

y b ow&^a* u a 

^■wffi^s?« a k £ n ^ 4> ^^mmm 1 1 

[0065] 
[j£5] 





(ft m) 


^ffi/ACD 




(g/cm') 


(mAh) 








0 


3. 0 


6 0 2 


3IJ&0)|7 


5 


5/ 1 0 


4 0 


3. 1 


6 2 0 


2iMi0<|8 


3 


3/ 1 0 


4 0 


3. 2 


6 3 3 




3 


3/10 


2 0 


3. 2 


6 3 5 


glfeMi o 


3 


3/1 0 


5 


3. 0 


6 0 5 


mmmi i 


7 


7/1 0 


4 0 


3. 0 


6 0 2 



[0066] 

^tttcflwifc y J**tt4swm*^h z k x 
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4G048 AA04 


AA05 


AB01 


AB02 


AC06 


AE05 










5H029 AJ03 


AJ04 


AJ05 


AJ14 


AK03 


AL01 


AL02 


AL06 


AL07 


ALII 


AL12 


AL18 


AM02 


AM03 


AM04 


AM05 


AM07 


EJ04 


EJ12 


HJ02 


HJ07 










5H050 AA07 


AA08 


AAIO 


AA19 


BA16 


BA17 


CA08 


CA09 


CBOl 


CB02 


CB07 


CB08 


CB11 


CB12 


CB29 


EAIO 


EA24 


HA02 


HA05 


HA07 



